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Abstract 
High physical properties of sintered ceramics due to lower sintering temperatures and smaller grain sizes are of a great interest for 
researchers. In this study, YAG phase was formed successfully with mechanical activation of powder mixtures. The powders were 
compacted and sintered at 3 different temperatures to evaluate the sintering density, phase formation and grain morphology. It was 
found that increasing activation time increases the relative density according to unactivated sample sintered at same temperatures. 
The 80% of theoretical density was reached which indicates the partial liquid phase formation took place. Experiments for further 
investigations are carried on. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Solid-state lasers are advantageous over gas lasers and free-electron lasers due to significantly smaller footprints, 
potential for enhanced mobility and excellent performance, Sanghera et al. (2012). Additional developments have 
included highly doped microchip lasers, ultra-short pulse lasers, novel materials such as sesquioxides, fluoride ceramic 
lasers, selenide ceramic lasers in the 2 to 3 μm region, composite ceramic lasers for better thermal management, and 
single crystal lasers derived from polycrystalline ceramics, Kenar et al. (2007), Jing et al. (2014). 
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Currently, rare earth doped yttrium aluminium garnet (YAG), is the most extensively studied and widely used for 
high power lasers. The sesquioxides such as Sc2O3, Y2O3, and Lu2O3 are very promising host materials for high-power 
laser applications, mainly due to their high thermal conductivity and high absorption and emission cross-sections of 
trivalent rare-earth ions in these materials, Jiang et al. (2014). Solid-state reaction and vacuum sintering method is a 
com-paratively simple process to fabricate YAG ceramics, and it is easy to achieve a series of composition by 
changing the powder amounts, Jiang et al. (2014), Esposito et al. (2013). It is suggested that silica phase may influence 
a solid solution formation by replacing Al3+ by Si4+ in tetrahedral site of YAG. This transformation may lead to the 
formation of Al3+ vacancies, which would enhance the natural diffusion coefficient, and as a result YAG consolidation 
kinetics will increase. It is further claimed that silica addition leads to the formation of several phases, composition of 
which varies with sintering temperature. In some cases this lead to the crystalline and/or undesired phases, 
Bhattacharyya et al. (2011). 
In this study, the effect of ball milling parameters on the sintering temperature and phase formation of YAG 
ceramics were discussed. The ball milling time, particle size distribution, sintering temperature dependence and pore 
structure were studied as parameters. 
2. Materials and Method 
Y(NO3)3.6H2O (yttrium nitrate hexahydrate), Al(OH)3, and TEOS were purchased from Sigma-Aldrich. PEG 400 
was also purchased from Sigma-Aldrich. Ethanol as solvent was used to dissolve each salts and PEG-400. The 
experiments were carried out according to procedure as described by Gulgun et al [8]. Each salt was dissolved in 
ethanol as well as PEG. The clear solutions of equal molars were mixed one after drop wise and stirred until clear 
solutions obtained by overnight. Then the PEG solution was added to mixed solution to let PEG cover the cations in 
the solutions such as Y+3, Al+3 and Si+4. The mix solution was stirred and heated up to 50 °C to evaporate the ethanol 
to produce a fluffy, sponge like, browny yellow residue to be calcined.  
Calcination was performed under oxygen atmosphere at 800°C for total PEG removal. After PEG removal, the 
powder was characterized by means of XRD (RIGAKU SmartLab) for phase formation and structure. The mechanical 
activation was conducted in a planetary ball mill (Retzsch DM100) for three different milling times as 30, 60 and 120 
min, and an unactivated sample was used as reference. The grain morphology and elemental evaluation were 
performed after sintering by SEM (Zeiss Supra 40VP) and EDX (SDD nitrogenless), respectively. 
3. Results and Discussion 
Phase identification of powder mixture was shown in Fig. 1. Before mechanical activation. Initial particle size was 
measured as 600 nm, 1 micron and 5 microns for Y2O3, Al2O3 and SiO2, respectively. Relative weight amounts of 
powders were 30 wt %, 30 wt % and 40 wt % for SiO2, Al2O3 and Y2O3, respectively. Since yttria has a cubic crystal 
structure and finer particle size, the highest peak belongs to Y2O3, while Al2O3 and SiO2 follow it by lower symmetric 
structure that results in lower but more peaks in XRD pattern. 
The sintering of mixtures were performed after uniaxial pressing under 300 MPa at three different temperatures as 
1100°C, 1200°C and 1300°C for 2 hours in a muffle furnace. Sintering density was converted to relative density for 
ease of interpretation and comparison. The density was measured by Archimedes’ water immersion principle for 
activated and unactivated powders sintered at different temperatures as illustrated in Fig. 2. 
As seen in Fig. 2, the increasing activation leads to particle size decrease and more particle-particle interaction 
where the sintering (neck and grain boundary formation) occurs at lower sintering temperatures. The graph indicates 
the sintering of powder compacts by increase in relative density up to 80% by increasing activation time. 
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Fig. 1. XRD patterns and matched peaks for powder mixture. 
 
Fig. 2. Temperature-density relationship for inactivated (0 min) and activated (120 min) powder compacts. 
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The electron microscopy images of inactivated and activated powder compacts sintered at different temperatures 
was shown in Fig. 3. Increasing temperature in inactivated samples from a to c, only increases the particle interaction, 
not a significant liquid phase formation is observed. On the other hand, the activated samples (d-e-f) show a significant 
liquid phase formation, which may lead to increase in relative density up to 80% while the inactivated samples remain 
at 72%. Since the SiO2 amount does not change in samples, the decrease in silica particle size may increase the glassy 
phase amount by improved particle-particle interaction, especially with the Y2O3 phase that has finest particle size. 
 
Fig. 3. Scanning electron microscopy images of inactivated (a-b-c) and activated (d-e-f) compacts sintered at 1100°C, 1200°C and 1300°C, from 
left to right column. 
4. Conclusions 
Following conclusion can be made as; 
YAG were compacted from ball milled and calcined powders.  
YAG phases were determined from XRD while the powder morphology was discussed by SEM. 
YAG can be consolidated up to 80% of theoretical density even at 1300°C. 
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